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«- = Polymer Electrolyte Electrolyzer vs Fuel Cell

Electrolyzer Fuel Cell
H2 0-5 02 H2

Current distributor: = — N 1T59mbra:le):(L 100 : Current collector:
Titani | Carbon (¢) """ mme o) Sl LB | e e oo i PP °

itanium (a) / Carbon (c) N-A17 NR.212 \ Carbon (a) / Carbon (c)

Cathode (c) Anode (a) Anode (a) Cathode (c)
Bipolar plate: __.--e-="" Electrode/Electrocatalysts: T Bipolar plate:
Titanium (a)/ Carbon (¢) | ™ MSFo------ IrRu oxide (a) Pt/carbon (a) ~===="""" 4 — Carbon (a) / Carbon (c)
H,0 Pt black (c) Pt/carbon (c) NN H,0

N-115 or N-117

Expensive*
Crossover problem**

{tCF,CF,}"—tCFJT‘F)}
OCF,?FOCF,CF, —SO,H
CF,

130 or 180 pm

60 um

Radiation grafted membrane

Potentially low cost*

* L. Gubler, L. Bonorand, ECS Trans. 58, 149 (2013)

** Grigoriev SA, Millet P, Korobtsev SV, et al. Int J Hydrog Energy 34, 5986 (2009)
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=== Monomers for radiation grafted membrane

Acrylonitrile  Methacrylonitrile

S &

S,

Styrene a-Methylstyrene 1,3-Diisopropenylbenzene

(AMS)
x
DY ¢

(AN) (MAN)

In this research:

(DiPB)

FF

FFly

Ethylene tetrafluoroethylene

(ETFE)

Previous work in our group*:

Monomer/co-monomer
Base film

Base film supplier

Application

S/AN and S/AN/DIPB

ETFE 50 um base film

DuPont (D)
Saint-Gobain (SG)

For electrolyzer

AMS/MAN/DIPB (PSI Generation 2)
ETFE 25 um base film

DuPont (D)
Saint-Gobain (SG)

For fuel cell

* L. Gubler, L. Bonorand, ECS Trans. 58, 149 (2013)
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IJ‘_: ‘ Key mem b rane p 0] pe I't | es ASTM: American Society for Testing and Materials

Apply fuel cell technology to characterize membranes for electrolyzer
(same mechanism of proton conduction)

—  Gas purity Relative humidity 100%
Gas barrier | Salay Hydrogen crossover experiment
property* r |:> (Electrochemical; Fuel cell; H,/N,)
— Current efficiency
| High pressure
application
_ | o High frequency resistance vs current density
Resistance* —— Voltage efficienc
B | ge efficency ) (Fuel cell; H,/0,)
Durability
Mechanical |
I:I > Tensile tests (ASTM D882
property { High pressure ( )
application
Cost —  Production |:> Cost estimation**

* M. Schalenbach, M. Carmo, D.L. Fritz, J. Mergel, D. Stolten, Int J Hydrog Energy 38, 14921 (2013) ** L. Gubler, L. Bonorand, ECS Trans. 58, 149 (2013) Page 6 of 11
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(== Gas crossover and resistance =i ey  wivrame

Property map Figure of merit (M)
= 20
6 NR-211 2 .1 o
. 1 mA/cm? = 0.2 mL/min = Better
5l : p H,/N, = 2.5/2.5 bara = 1
o] . C
E : N XL-100 . x
j;; 0 2 Thickness S 10
Better | = & "" Increase 2
o 3T 1 S 5
= o
ﬁ % N1035 g
O 2 [ AMS/MAN "i.. N1135 2 0
2| TTOe T o SYC-508080
£ 41 " N115."1” SNz -eZ0—0
AMSIMANIDlPB:SG} . N120 R e @ g Z oo
M SIAN [?mm'fmm S/ANIDIPE (S == S8 358
0 . (D) ® ¥ sian(sG) w iPB (SG) é % Z 2
0 100 200 300 400 g = 5
2 Z

Area Resistance / mOhm.cm

<
]

Better R, -1

M : Figure of merit (V)
Rg: Area resistance (mQ-cm?)
|, : Gas crossover current density (mA/cm?)

« S/AN and S/AN/DIPB: better gas barrier property
 Similar resistance to N-115 or N-117

D: DuPont base film: SG: Saint-Gobain base film Page 7 of 11
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-l

m Mechanical property

S: Styrene ; AN: Acrylonitrile ; DiPB: 1.3-Diisopropenylbenzene
AMS: a-Methylstyrene ; MAN: Methacrylonitrile

Tensile Test in Machine Direction
(Ambient condition)

Tensile Test in Transverse Direction
(Ambient condition)

80 80
S/AN/DIPB SG
S/ANDIPB D S/ANSG o | SIAN/DIPB SG S/IAND
1 NXL-100 SIAND S/IAN/DIPB D S/IAN SG
N-115 /" NXL-100
. N-117 = N-115
fud ’
¢ ¢ /7 NAT
2 NR-212 @
o L
& & NR-212
D T T T T T T T
4] 100 200 300 400 500 200 300 400 500
Strain (%) Strain (%)
Temperature: 24-26 °C _ _ o
Tensile Test in Machine Direction Lo Tensile Test in Transverse Direction
(Fully hydrated condition) Hum|d|ty: 25-35 % (Fully hydrated condition)
60 80
50 1 50
40 1 40
— S/AN/DIPB D S/IAND =
froe [/
% N XL-100 SIANDIPE SC =3 SIAN/DIPB D SIAND
2 0 i 2 1 NxL100 SANDIPB SG SIANSG
i " SIANSG 2 -
7] » e
20 1 20
10 1 10 4
0+ T T T T 0+ T T T T
0 100 200 300 400 500 1] 100 200 300 400 500
Strain (%) Strain (%)
Page 8 of 11
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— 1 N - S: Styrene ; AN: Acrylonitrile ; DiPB: 1.3-Diisopropenylbenzene
IJ__ : M e C h an I Cal p rO p e rty AMS: a-Methylstyrene ; MAN: Methacrylonitrile

Tensile Test in Machine Direction Ambient condition (Machine direction)
(Ambient condition)
80 80
SIAN/DIPB SG
SIAN/DIPB D S/ANSG o5
501 NXL-100 SIAND E 60
N =
40 N-117 wn =,
a («b) @ 40
= -
g ¥ _ NR-212 = g
2 g = 5 .
w | = 8
» e — F
— @© 0
10 1 o o o v ~ N0 O o O
4 S I T Tz D a B
©c = . 33 3% z2E o
0 ' T ' T &’ — z < % = B
0 100 200 300 400 500 m o < =2
. ™ w %
Strain (%)
e E
Tensile Test in Machine Direction > = Fully hydrated condition (Machine direction)
(Fully hydrated condition) E) ™
60 (b} = 80
c —
N Ll -
K< E 60} .
-(7) “_J--
~ %] SIAN/DIPB D SIAND = =
¢ S (¢D) o 40
< SIANDIPB SG — 7
S 0] NXL100 o
o " SIANSG =
o] 5 20
20 1 |9
0
10 4 o N 0 ~ 0o 0O o O
= o @
1 1 1 1 L o
0 =g2235z5 8
T T = w Z =
0 100 200 300 400 500 < =2
o <
Strain (%) w

D: DuPont base film: SG: Saint-Gobain base film Page 8 of 11
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1O _ S: Styrene ; AN: Acrylonitrile ; DiPB: 1.3-Diisopropenylbenzene
LI__ . Fuel Ce” Performan Ce AMS: a-Methylstyrene ; MAN: Methacrylonitrile

Polarization Plot

Cellat 80°C, H2/02 1.5/1.5 stoich (min. 200/200 mIn/min)
1.0 § pressure 2.5/2.5 bara, humidifier temperature 85/85°C
Fuel cell membrane

0.8 - A
2 AMSMAN/DIPB (SG)
o) | i
> 0.6 AMS/MAN/DIPB (D) Better
9
— 04 -
0]
& S/AN/DIPB (SG) S/AN (D)  Electrolyzer membrane

02 | S/AN/DIPB (D)

S/AN (SG)
0.0 |

0 200 1000 1500 2000
Current density / mA cm2

Membrane performance trend in fuel cell = performance trend in electrolyzer
theoretically yes, in reality ???

Validation in electrolyzer will be done.

D: DuPont base film: SG: Saint-Gobain base film Page 9 of 11
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— S mm r S: Styrene ; AN: Acrylonitrile ; DiPB: 1.3-Diisopropenylbenzene
dI:_ u a y AMS: a-Methylstyrene ; MAN: Methacrylonitrile

N-115 or N-117 S/AN and S/AN/DIPB membranes

» Better gas barrier property

e Similar resistance

I

I * Better mechanical property

i  Lower cell performance (can be improved)
I

I *
130 or 180 pm  Potentially low cost

» Promising alternatives membranes

* L. Gubler, L. Bonorand, ECS Trans. 58, 149 (2013) Page 10 of 11
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=== Estimated cost of production of membranes*

—~ 1000 g :

A :

a

)

=2 100

— :

o

O

e 1ot

E C

O

5 514

z 1 Ll Lol I Lol Lo ir
101 10° 108 107

Production Rate (m2 year'1)

PFSA DOE/DTI
PFSA DuPont

Estimate based on current
technology (base cas

Ultimate potential
(lowest case)

* L. Gubler, L. Bonorand, ECS Trans. 58, 149 (2013)

Albert Albert, E-MRS Spring Meeting 2014, Lille, France



PAUL SCHERRER INSTITUT

o= Experiment

Fuel cell condition:

Single cell with 30 cm? active area; cell temperature 80 °C

Gas diffusion electrode JM ELE0162, 0.4 mg Pt/cm?; hot-pressed at 120 °C
H,/O, (N,); 1.5/1.5 stoichiometrie

Minimal flow 200/200 min/min

Pressure 2.5/2.5 bar absolute
Relative humidity 100% (Humidifier temperature 85/85 °C)

Albert Albert, E-MRS Spring Meeting 2014, Lille, France
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Jm Electrolyzer vs Fuel Cell

Cell voltage U

Fuel Cell

H,+%0,-H,0

H:'D 3 H‘: * :__r: D‘.
Electrolyser

~1V

Current

Cell voltage U

Us

d
H‘:D » Hl__'\; + I-"|I= O..
Electrolyser
— |y

H;+ %0, > H0
Fuel Cell

Current

Albert Albert, E-MRS Spring Meeting 2014, Lille, France
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«--{j» How to measure gas crossover ?

Normal Fuel Cell Operation

Crossover Experiment

) H, >2H" +2e

(+) YO,+2H  +2¢" > H,0

2H +2¢” > H, D
H, >2H  +2e

Potential is set.
Current density is measured.

Albert Albert, E-MRS Spring Meeting 2014, Lille, France
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(== Gas crossover current densities

Hydrogen Permeation

Cell at 80°C, H2/N2 1.5/M1.5 stoich (min. 200/200 min/min), pressure 2 52 5 bara, humidifier temperature 85/85°C

5
N XL-100
(NSRRI e L
4_
=
o
<
£ 34
=y
wn
c
S
g2 2]
=
3 N-117
O
1C9‘ ______ ‘.__—-.“————.————.————.r—__'g___.
0 | | | |
0 200 400 600 800

Cell potential/ mV

Albert Albert, E-MRS Spring Meeting 2014, Lille, France
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(== Gas crossover current densities

BT

Better

=
[

Thickness v
Increase

25 um base films

A

50 pum base films

1.3 { A \

1.5

LLZHN
ZLTHN
GELL*N
S0L°N
SLI*N
FANN |

H2 crossover / mA.cm-2
= — [ ] (%] 4=
oov-1x |
Lo
scovn | -
o
©
" E
[
ad
o
@ nvs [ 5
(9s) Nv/S F o

() zueg Isd
(@ aaramvrs [ |

{'s’| ‘a) zuen |5d
's’| ‘98) Zusn |5d
(9s) adiamvss [ |

D: DuPont base film; SG: Saint-Gobain base film; I.S.: improved surface Albert Albert, E-MRS Spring Meeting 2014, Lille, France
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(5 Resistance
Resistance
Cell at 80°C, H2/O2 1.51.5 stoich (min. 200/200 min/min), pressure 2.5/2.5 bara, humidifier temperature 85/85°C
0.5 -
S/AN/DIPB (SG)
0.4
N N-117 For electrolyser
£ Better
; S/AN (SG)
0.3 1 ,
5 S/AN/DiPB (D) J
‘é N-115
- S/AN (D)
£ 02
@ For fuel cell
2

0.1 3

0.0

PSI Gen 2 (D)

PSI Gen 2 (D; I.S.)

PS| Gen 2 (SG: 1.S.)
s—e—o & N X-100

500 1000 1500 2000
Current density / mA cm”?

D: DuPont base film; SG: Saint-Gobain base film; I.S.: improved surface Albert Albert, E-MRS Spring Meeting 2014, Lille, France
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=

Mechanical Testing (ambient condition)

Machine Direction Transverse Direction
Membrane TS (il Tensile Elongation at T Tensile Elon;j;in at
strength (MPa) Break (%) strength (MPa) (%)
NR-211 24.8+0.4 27.6£0.6 149.1+4.5 244 +0.2 27.8+0.6 146.8 +4.7
N XL-100 27.2+0.3 45011 105.6 £9.9 27.0+£0.5 385+1.1 135.6+8.1
NR-212 50.0+0.5 28.8+0.9 178.4+8.4 51.5+04 29.8+1.5 185.5+11.9
N-1035 71.3+1.8 41.8+1.8 101.2+5.3 75.0+1.7 33.2+1.5 1719+4.4
N-1135 80.2+14 40.2+23 123.8+10.4 82.1+1.0 33.5+14 203.0+ 8.6
N-105 127.6+1.8 389+23 143.3+5.1 1259+1.2 300+1.1 216.9+84
N-115 137.3+£1.6 39.3+0.6 178.0+ 3.2 1345+1.7 35.2+1.7 207.8+7.2
N-117 183.6 2.7 38.2+25 174.7 +£10.5 173.6 £ 8.6 345+1.8 214.0+ 8.7
N-120 264.8+1.9 385+09 216.9+7.5 261.8+4.2 353+1.8 2459+11.3
ETFE 50 um D 49.6 £ 0.7 58.0+3.3 343.5+14.6 529+0.7 51.7+3.2 358.1+21.0
ETFE 50 um SG 514+1.2 53.1+2.2 333.8+15.8 51.7+£0.7 52.2+33 4148 +21.5
S/AN D 62.2+1.6 46.9+ 1.8 154.2 +10.6 623123 48.4+2.6 166.5 £ 12.7
S/AN SG 62.6 £0.7 49.7+2.1 165.3+12.0 66.0+ 0.6 47.2+1.2 165.8+8.3
S/AN/DiPB D 66.4 £ 0.8 446+1.1 115.1+6.2 68.0+ 0.7 43.0+0.6 111.8+2.1
S/AN/DiPB SG 69.6+1.1 43.7+1.0 98.5+2.7 70.3+0.7 41.9+0.6 925*6.6

Albert Albert, E-MRS Spring Meeting 2014, Lille, France
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=

Mechanical Testing (fully hydrated condition)

Machine Direction Transverse Direction
Membrane Thickness (1) Tensile Elongation at Thickness (1) Tensile EIontra:;T(n at
strength (MPa) Break (%) strength (MPa) (%)
NR-211 29.4+0.3 129+1.7 62.7+£16.0 29.2+0.2 13.8+2.1 69.5+20.5
N XL-100 35.8+0.4 26.6+2.2 61.9 + 28.0 36.1+0.3 255+13 96.3+18.4
NR-212 63.4+0.7 133+£5.1 77.3 £50.0 63.8+0.9 128+34 72.1+34.0
N-1035 109.6 £2.8 19.8+2.8 84.2+15.1 108.5+5.8 16.1+2.1 117.9+19.6
N-1135 101.2+2.2 21.1+1.2 93.5+8.4 102.0+2.4 174+2.0 121.4+£19.0
N-105 143.0+1.9 23.6+1.5 1159+9.0 140.5%+2.2 185+1.2 140.6 £9.8
N-115 149.6 £3.8 22315 114.7+£9.2 151.4+1.8 185+24 111.8 £ 20.6
N-117 195.0+3.6 19.2+3.0 101.5+22.7 197.7+8.6 18.2+3.1 119.4 +£28.3
N-120 2945+4.4 21.8+2.2 137.3+£215 290.1+2.2 21.2+0.6 160.5+ 6.6
S/AN D 86.5+2.4 33.8+4.7 225.9+22.9 84.6+3.1 31.1+2.38 226.7 £16.1
S/AN SG 85.3+35 27.0x4.1 189.1 £30.5 90.1+1.7 26.5+6.7 212.8 +54.8
S/AN/DiPB D 73.7+3.7 281+2.1 116.9+11.4 78.0%+1.3 22.8+3.5 101.1+244
S/AN/DiPB SG 82.7+x1.6 253%+3.0 106.6 £18.3 822+2.2 22724 106.2 £17.9

Albert Albert, E-MRS Spring Meeting 2014, Lille, France
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